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DENSIFYING OF ABULK PART|CULATEJ\flATERIAL 

THIS INVENTION relates to densifying of a bulk particulate material. In 
particular, it relates to a method and to apparatus for densifying a bulk particulate 
10 material. 

According to one aspect of the invention, there is provided a method of 
densifying a bulk particulate material to provide a densified flowable bulk particulate 
material, the method including mechanically agitating the bulk particulate material in the 
15 presence of a densification agent thereby to provide a flowable bulk particulate material 
of increased bulk density. 

The densification agent is thus a liquid. It is however a feature of the 
invention that it is not necessary to remove the densification agent after having 

20 densified the bulk particulate material in order to obtain a flowable bulk particulate 
material. The densification agent is thus present or used in quantities small enough to 
ensure that the densified bulk particulate material remains flowable and does not form a 
slurry. The quantity of densification agent remaining in the densified flowable bulk 
particulate material is also so small that the mere presence of the densification agent in 

25 the densified flowable bulk particulate material does not materially alter the bulk density 
of the combined particulate material and the remaining densification agent. This bulk 
density is only changed to a significant extent by severely agitating the combined 
particulate material and the densification agent, without any significant agglomeration of 
the particulate material, or at least to a much lower degree of agglomeration than is 

30 reached with the prior art pneumatic densification processes of which the Applicant is 
aware. 
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The densification agent is thus an aqueous liquid, e.g. water or 
demineralised water. 



The bulk particulate material, prior to densifying thereof, may include water in 
a mass concentration falling in a range with a lower limit of about 0.5 %. The lower limit 
may however be as low as about 0.45 %, or even as low as about 0.4 %. An upper 
limit of the range may be as high as about 10 %, or even higher at about 15 %, or even 
as high as about 20 %. 

It is however to be appreciated that the bulk particulate material being 
densified may affect the effective range within which an aqueous densification agent 
can be used. The aforementioned ranges are however suitable for the densification of 
microsilica, such as silica fume. 

The bulk particulate material may be a hygroscopic material. The bulk 
particulate material may be microsilica, e.g. fumed silica, precipitated silica, colloidal 
silica or silica gel. 

Instead, the bulk particulate material may be selected from the group 
consisting of carbon black, fly ash, kaolin, and meta kaolin. Also, the bulk particulate 
material may be selected from the group consisting of Mn 2 0 3 , Mn 3 0 4 , V 2 O s , cement and 
slag. 

When the bulk particulate material is particulate silica, the particulate silica 
may have a particle size of the less than 0.5 urn, typically less than 0.2 urn. Indeed, it 
is expected that the invention will find particular, though not exclusive application in 
densifying so-called silica fume. 

The method may include adding the densification agent to the bulk 
particulate material, prior to or during mechanical agitation of the bulk particulate 
material. 
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Mechanically agitating the bulk particulate material in the presence of the 
denstfication agent may include at least partially confining the bulk particulate material 
and rotating a rotatable member submerged under the bulk particulate material about 
an axis of rotation to cause severe agitation of the material. Typically, when the 
densification agent is present, the severe agitation of the bulk particulate material does 
not cause significant fluidisation of the bulk particulate material, and a free head space 
exists above the mechanically agitated material in the vessel. 

Mechanically agitating the bulk particulate material in the presence of the 
densification agent may include severely agitating the bulk particulate material with a 
rotatable member submerged in the bulk particulate material in a vessel and rotating 
about an axis of rotation which is upwardly extending, and inhibiting displacement of 
material downwardly past the rotating member during rotation of the rotatable member 
whilst allowing free movement of materials in the vessel above the rotating member. 

The bulk particulate material may be confined in a vessel having a closed 
bottom, the rotatable member being located immediately above the bottom of the 
vessel. 

The rotatable member may define at least one material contacting surface 
facing substantially tangentially in the direction of rotation thereby to cause movement 
of material particles essentially towards or away from the axis of rotation at least on 
initial contact of the material particles with the material contacting surface. A radially 
outer end of the material contacting surface may lead a radially inner end thereof. 

The material contacting surface is thus typically slanted, i.e. non- 
perpendicular or non-radial to the direction of rotation to cause material particles to 
. move tangentially and/or radially relative to the axis of rotation. One or more radially 
extending material contacting surfaces, or surfaces of variable orientation, e.g. defined 
by flexible members, are however not excluded from the scope of the invention. 



In one embodiment of the invention, the rotatable member defines a plurality 
of circumferentially spaced material contacting surfaces each facing substantially 
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tangentially in the direction of rotation with a radially outer end of the surface leading a 
radially inner end thereof. Each material contacting surface may be defined by a 
slanted vane. 

The rotatable member may thus include a plurality of circumferentially 
spaced vanes projecting from an upper surface of a disc-shaped body, the disc : shaped 
body and the vessel which confines the bulk particulate material cooperating to inhibit 
axial displacement of the agitated bulk particulate material downwardly past the rotating 
member during rotation of the rotatable member. Instead, the vanes may project 
tangentially or radially outwardly from a periphery of the disc-shaped body or from a 
hub. 

Each vane may define a planar material contacting surface extending 
upwardly parallel to the axis of rotation of the rotatable member. 

The rotatable member may be rotated such that a point on an extreme 
radially outer periphery of the rotatable member, submerged in the bulk particulate 
material, travels at a speed of between about 5 m/s and about 80 m/s, typically 
between about 21 m/s and about 23 m/s. 

Confining the bulk particulate material may include feeding the bulk 
particulate material into a vessel. Thus, an entire body of bulk particulate material may 
be densified inside the vessel to provide a uniform body of particulate material having a 
uniform bulk density inside the vessel. Typically, the vessel has a wall defining a 
circular cylindrical interior surface or a cone-shaped interior surface. The vessel may 
have a central, longitudinal axis which is coaxial with the axis of rotation of the rotatable 
member. 

The method may include vibrating the vessel to inhibit agglomeration or 
build-up or caking of the particulate material against interior surfaces of the vessel. 

The method may include discharging the flowable densified bulk particulate 
material from the vessel. It is to be appreciated that the method can be conducted on a 



WO 03/103824 PCT/1B03/02170 

5 

continuous basis or on a batch basis, discharging of the densified bulk particulate 
material from the vessel and feeding of bulk particulate material into the vessel thus 
occurring batch-wise, or on a controlled basis. Thus, the bulk particulate material may 
be fed on a continuous basis into the vessel, and the densified bulk particulate material 
may be discharged on a continuous basis from the vessel, the entire body of bulk 
particulate material inside the vessel having, at steady state conditions, a substantially 
higher bulk density than bulk particulate material feed. 

The method may include measuring or determining the bulk density of the 
densified bulk particulate material prior to discharging it from the vessel. Instead, the 
method may include measuring or determining the bulk density of the densified bulk 
particulate material after it has been discharged from the vessel. 

The method may include controlling the density of the densified bulk 
particulate material. The controlling of the density of the densified bulk particulate 
material may be effected by a method selected from the group consisting of 
manipulating the residence time of the bulk particulate material in the vessel, 
manipulating the angular speed of rotation of the rotatable member, manipulating the 
level of the bulk particulate material in the vessel, controlling the concentration of the 
densification agent present with the bulk particulate material, and two or more of these 
methods. The controlling of the density of the densified bulk particulate material is 
however not necessarily limited to these methods. 

The axis of rotation of the rotatable member may be substantially vertical. In 
another embodiment of the invention, the coaxial axis of rotation and longitudinal axis of 
the vessel are at an angle of about 60 ° to the horizontal. 

The rotatable member may be rotated at an angular speed of between 100 
rpm and 3500 rpm. Preferably, the rotatable member is rotated at an angular speed of 
between 500 rpm and 1000 rpm. Typically, the rotatable member is rotated at an 
angular speed of between 700 rpm and 800 rpm, e.g. about 732 rpm. 
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The bulk particulate material may have a mean particle size of less than 1 
mm.. Typically, the bulk particulate material has a mean particle size of less than 
0.5 mm, even less than 1 urn, e.g. about 0.15 urn. 

5 

The method may include extracting dust from the vessel. 

The ratio of the bulk density of the particulate material prior to densifying 
thereof, to the bulk density of the flowable densified particulate material may be at least 

10 2:3. Preferably, the ratio of the bulk density of the particulate material prior to 
densifying thereof, to the bulk density of the flowable densified particulate material is at 
least 1 : 5, depending on the bulk density of the particulate material prior to densifying 
and the particulate material being densified. The ratio can be as large as 1 : 10, or 
even larger, e.g. 1:12 depending on the bulk density of the particulate material prior to 

15 densifying and the particulate material being densified. 

The method may include allowing the concentration of the densification 
agent to reduce during the mechanical agitation of the bulk particulate material. 

20 Thus, typically, the bulk particulate material is allowed to heat up during the 

mechanical agitation thereof. The concentration of the densification agent may thus be 
reduced as a result of vaporization of at least a portion of the densification agent. 

The bulk particulate material may include water in, or water may be added to 
25 the bulk particulate material to, a concentration of more than 4 % by mass, with the 
densified bulk particulate material including less than 3 % water by mass. Typically, 
especially when the bulk particulate material is microsilica, the bulk particulate material 
includes water in, or water is being added to the bulk particulate material to, a 
concentration of between 4 % and 8 % by mass, preferably between 6 % and 8 % by 
30 mass, with the densified bulk particulate material including less than 1 .5 %, preferably 
less than 1 %, water by mass. 
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According to another aspect of the invention, there is provided bulk 
particulate material densification apparatus which includes 

a vessel for at least partially confining a body of the bulk particulate material; 

a rotatable member which is arranged such that in use it is submerged in the body 
of bulk particulate material mechanically severely to agitate the bulk particulate 
material; 

a densification agent inlet leading into the vessel; and 

drive means connected to the rotatable member and capable of rotating the 
rotatable member about said axis of rotation when the rotatable member is submerged 
in the body of bulk particulate material. 

The apparatus may include a densification agent outlet from the vessel to 
remove vaporised densification agent. Instead, the densification agent inlet may also 
function as a densification agent outlet. 

According to a further aspect of the invention, there is provided bulk 
particulate material densification apparatus which includes 

a vessel for at least partially confining a body of the bulk particulate material; 

a rotatable member which is arranged such that in use it is submerged in the body 
of bulk particulate material mechanically severely to agitate the bulk particulate 
material; 

a densification agent outlet from the vessel to remove a vaporised densification 

agent from the vessel; and 

drive means connected to the rotatable member and capable of rotating the 
rotatable member about said axis of rotation when the rotatable member is submerged 
in the body of bulk particulate material. 

The rotatable member may be as hereinbefore described. 

When the rotatable member includes a plurality of vanes, a radially inner end 
portion of at least some of the vanes may be truncated so that the radially inner end of 
the vane forms an angle of between 15 • and 60 • with the axis of rotation in the plane 
of the vane. Preferably, the angle is between 20 • and 50 °, e.g. about 30 °. 
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The vessel may have an outlet for densified bulk particulate material at a low 
elevation, and an inlet for bulk particulate material at a higher elevation than the outlet. 
Preferably, the rotatable member is located at the elevation of the outlet of the vessel. 

The drive means may be capable of rotating the rotatable member at an 
angular speed of between 100 rpm and 3500 rpm when the rotatable member is 
submerged in the body of particulate material. Typically, the drive means is capable of 
rotating the rotatable member at an angular speed of between 500 rpm and 1000 rpm 
when the rotatable member is submerged in the body of particulate material, e.g. at 
about 700 rpm to 800 rpm. 

The vessel may have a wall defining a circular cylindrical interior surface or a 
conical interior surface, and a central, longitudinal axis which may be coaxial with the 
axis of rotation of the rotatable member. The ratio of the diameter of a circle described 
by the rotatable member when it rotates, to the diameter of the vessel may be between 
0.25 : 1 and 0.99 : 1. Preferably, the ratio is at least between 0.5 : 1 and 0.99 : 1: 
Typically, the ratio of the diameter of the circle described by the rotatable member when 
it rotates, to the diameter of the vessel is at least between 0.9 : 1 and 0.99 : 1, e.g. 
about 0.95 : 1 . 

The vessel may have a volume of between 0.1 m 3 and 200 m 3 . Typically, 

3 3 

the vessel has a volume of between 0.1 m and 0.5 m . 

The axis of rotation of the rotatable member may be substantially vertical. 

The apparatus may include conveying means and bagging means, the 
conveying means being arranged to convey densified bulk particulate material from the 
vessel to the bagging means for bagging the densified bulk particulate material. 



The apparatus may include vibration means for vibrating the vessel to inhibit 
agglomeration or caking or build-up of the particulate material against interior surfaces 
of the vessel. 
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The apparatus may include dust extraction means for extracting dust from 
the vessel. 

The rotatable member and interior surfaces of the vessel may be coated with 
a material which inhibits caking or agglomeration or build-up of the bulk particulate 
material against or on them. 

The apparatus may include density measurement means and control means 
for controlling the bulk density of the densified bulk particulate material. 

The invention will now be described, by way of example, with reference to 
the accompanying diagrammatic drawings and examples. 

In the drawings 

Figure 1 shows a sectioned elevational view of one embodiment of densification 
apparatus in accordance with the invention for densifying a bulk particulate material; 
Figure 2 shows a three-dimensional view of a rotatable member of the 

densification apparatus of Figure 1 ; 

Figure 3 shows a sectioned elevational view of another embodiment of 
densification apparatus in accordance with the invention for densifying a bulk 

particulate material; and 

Figure 4 shows a three-dimensional view of a rotatable member of the 

densification apparatus of Figure 3. 

Referring to Figure 1 of the drawings, reference numeral 10 generally 
indicates one embodiment of densification apparatus in accordance with the invention 
for densifying a bulk particulate material. The apparatus 10 includes a vessel 12 for 
containing and confining the bulk particulate material, and a rotatable member 14 which 
is in use submerged in the bulk particulate material contained in the vessel 12, and 
which is rotatable about a vertical axis of rotation 16. 

The vessel 12 includes a circular cylindrical wall 18 which defines a circular 
cylindrical interior surface 20 of the vessel 12. Thus, the vessel 12 has a central, 
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longitudinal vertical axis which corresponds or which is coaxial with the axis of rotation 
16. In another embodiment of the invention, the axis of the vessel and the axis of 
rotation may be angularly disposed relative to the horizon, e.g. at an angle of about 60 

o 

5 

The vessel 12 includes an inlet 22 for the bulk particulate material, and an 
outlet 24 for densified bulk particulate material. The inlet 22 is located in a roof 26 of 
the vessel 12, and the outlet 24 is located in the wall 18 of the vessel 12. 

10 The rotatable member 14 is located at the elevation of the outlet 24. The 

rotatable member 14 is mechanically attached to a drive shaft 30, which is in turn 
drivingly connected to an electric motor (not shown). The electric motor is capable of 
selectively rotating the rotatable member 14 at an angular speed of between 700 rpm 
and 800 rpm. 

15 

The rotatable member 14 includes a disc-like body 32 from which a plurality 
of circumferentially spaced planar vanes 34 projects (see Figure 2). The vanes 34 are 
directed or arranged in use to displace the bulk particulate material contained in the 
vessel 12 inwardly towards the axis of rotation 16 when the body 32 is rotated slowly. 
20 The vanes 34 project from a surface 36 of the disc-like body 32 which is an operative 
upper surface. 

The disc-like body 32, and thus the rotatable member 14, has a diameter of 
720 mm. The vessel 12 has an internal diameter of about 800 mm. Thus, a ratio of the 
25 diameter of the rotatable member 14 : the diameter of the vessel 12 is 0.9 : 1 . 

The drive shaft 30 extends through the roof 26 of the vessel 12. A seal 38 is 
provided between the drive shaft 30 and the roof 26. 

30 A conveyor belt 40 is provided underneath the vessel 12. An automatic, 

controlled outlet cover 60 is provided to open or close the outlet 24. A chute 62 
provides flow communication between the outlet 24 and the conveyor belt 40. 
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A densification agent inlet 64 is provided in the wall 18, at a relatively high 
elevation. The inlet 64 is in flow communication with a water feed line 66. A flow 
controller 68 is provided in the flow line 66. 

5 A dust extraction outlet (not shown) is provided for the vessel 12, and a 

vibrator (not shown) is mounted against the exterior surface of the wall 18. 

In use, the vessel 12 is fed on a controlled and measured basis with bulk 
particulate material 44, as shown by arrow 42, to maintain a level 46 of the bulk 
10 particulate material in the vessel 12 sufficient to cover the rotatable member 14. A free 
head space thus exists above the level 46, even during agitation. Water is added in a 
predetermined controlled ratio through the inlet 64 to the bulk particulate material. 
When the material is silica fume, this ratio is about 6 : 100 on a mass basis. 

-1 5 The submerged rotatable member 1 4 is rotated at an angular speed of about 

732 rpm, in the direction of arrow 48, by means of the electric motor and the drive shaft 
30. The vanes 34 severely agitate the bulk particulate material and density the bulk 
particulate material. The vibrator is run to inhibit caking of the bulk particulate material 
against interior surfaces of the vessel 12, and dust which is formed is extracted through 

20 the dust extraction outlet, together with water vapour formed as a result of the frictionai 
heating of the particulate material, which can reach temperatures of 70 °C to 80 °C. 

The densified bulk particulate material is discharged through the outlet 24 
and the chute 62 on to the conveyor belt 40, which moves in the direction of arrow 52. 

25 The density of the densified bulk particulate material on the conveyor belt 40 is 
measured by density measurement and control means (not shown), which increases or 
decreases the discharge rate of the densified bulk particulate material from the vessel 
12 by opening or closing the outlet cover 60, thereby increasing or decreasing the 
residence time of the bulk particulate material in the vessel 12, in order to density the 

30 bulk particulate material to a desired bulk density. Typically, the densified bulk 
particulate material includes less than 1 % by mass water. 
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Referring to Figure 3 of the drawings, another embodiment of densification 
apparatus in accordance, with the invention for densifying a bulk particulate material is 
generally indicated by reference numeral 100. The apparatus 100 is similar to the 
apparatus 10, and unless otherwise indicated, the same reference numerals used in 
relation to the apparatus 10, are used to indicate the same or similar parts or features 
of the apparatus 100. 

The apparatus 100 includes a rotatable member 102, which is more clearly 
illustrated in Figure 4 of the drawings. As can be seen in Figure 4, the vanes 34 are 
vertical and planar, and are substantially tangential to the drive shaft 30 (not shown) in 
Figure 4, which is operatively connected to the rotatable member 102. An inner end 
portion of each vane 34 is truncated so that the radially inner end 35 of each vane 34 
forms an angle of about 30° with the axis of rotation of the rotatable member 34, in the 
plane of the vane 34. 

The rotatable member 102 is located at the elevation of the outlet 24 of the 
vessel 12. The outlet 24 is provided in a lower portion of the wall 18 of the vessel 12. 
A manually operated outlet cover 104 is provided to open or close the outlet 24. 

The drive shaft 30 is rotatably mounted to a support member 31 by means of 
two plummer blocks 33 and is operatively connected to an electric motor 106, by means 
of a drive belt 108 and two pulleys 110, 112. The arrangement of the motor 106 and 
the pulleys 110, 112 is such that, in use, the motor 106 is capable of rotating the 
rotatable member 1 02 at an average speed of between 700 rpm and 800 rpm. 

The vessel 12 and motor 106 are mounted on a support structure 1 14. 

The vessel 12 has an internal diameter of about 576mm, and a height of 
about 1500 mm. The rotatable member 102 has a diameter of about 550 mm. Thus, 
the ratio of the diameter of the rotatable member 102 to the diameter of the vessel 12 is 
about 0.95 : 1 . 
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The densification agent inlet 64 is in flow communication with a funnel 120, 
via a gooseneck 122. 

The apparatus 100 is used in similar fashion to the apparatus 10 to densify 
bulk particulate material, but works on a batch basis. Thus, a measured weight of bulk 
particulate material is fed into the vessel 12 through the inlet 22 to provide a level of the 
bulk particulate material in the vessel 12 sufficient to cover the rotatable member 102. 
A measured amount of water as densification agent is poured into the funnel 120 and 
allowed to flow into the vessel 12. The rotatable member 102 is rotated at an angular 
speed of about 732 rpm by means of the electric motor 106 and drive shaft 30. The 
vanes 34 severely agitate the bulk particulate material and densify the bulk particulate 
material. The densified bulk particulate material is discharged on a batch basis through 
the outlet 24 onto the conveyor belt 40 by means of a chute 116. The conveyor 40 
conveys the densified bulk particulate material to a bagging plant (not shown), which 
bags the densified bulk particulate material. During densification the inlet 22 functions 
as a moisture outlet to allow vaporised water to escape from the vessel 12. 

EXAMPLE 1 

Silica fume, having a bulk density of 100 kg/m 3 , was densified by means of 
the apparatus 100 of Figure 3, without adding water as a densification agent to the bulk 
particulate material inside the vessel 12. The apparatus 100 managed to increase the 
bulk density of the silica fume to about 450 kg/m 3 . A small quantity of water, in a ratio 
of about 3 : 100 on a weight basis, was added to the partially densified silica fume and 
the rotatable member 102 was again rotated at about 732 rpm for a short period of 
time. During this period, the bulk density of the silica fume inside the vessel 12 
increased from about 450 kg/m 3 to about 1200 kg/m 3 . At the end of this period, the 
silica fume was still in the form of a flowable powder. 

EXAMPLE 2 



The same process as described for Example 1 was used to densify carbon 
black. Initially, the carbon black had a bulk density of between 40 kg/m 3 and 80 kg/m . 
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After having partially densified the carbon black in the absence of a densification agent, 
the bulk density of the carbon black increased to about 200 kg/m 3 . A small quantity of 
water (about 3 % by weight) was added to the carbon black, whereafter the carbon 
black was further densified to a bulk density of about 600 kg/m 3 by severely agitating 
the carbon black by means of the rotatable member 102. 

It is an advantage of the invention, as illustrated, that it provides a cost 
effective method and apparatus for densifying a bulk particulate material, such as silica 
fume. It is a further advantage of the invention, as illustrated, that the method and 
apparatus are capable of densifying materials such as silica fume to a higher bulk 
density than conventional methods and apparatus used for the densifying of silica fume 
and like materials. Particle agglomerisation is also much less compared to the prior art 
pneumatic densification processes of which the Applicant is aware, thus providing 
smaller average particle sizes, and increased BET surface areas. 
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